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Description 

The present invention relates to the construction of functional engineered peptide synthetases capable to display 
a correct activity and their use for the non-rit)osomal preparation of modified peptides. 
5 The term "modified peptides" refers to analogous of native peptides (wild type) or peptides having a new amino acid 

sequence. 

Peptide synthetases are enzymatic complexes of eucaryotic or procaryotic origin, which are responsible for the 
synthesis of peptides by a non-rit>osomal mechanism, also known as thiotemplate synthesis (Kleinkauf, H. and von 
Doehren. H.(1987) Ann. Rev. Microbiol.. 41:259-289). 
10 Such peptides, which can be long up to 20 or more amino acids, can have a linear, cyclic (cydosporine. tyrocidine. 
mycobacilline, surtectin and others) or branched cyclic structure (polymyxin, bacitracin and others) and often contain 
amino adds not present in proteins or modified amino acids through methytation or epimerization. 

Peptide synthetases are described as multienzymatic complexes consisting of one or more polypeptides (enzy- 
matic subunits). The characteristic of these complexes is the presence on the same polypeptide of one or more 
15 repeated structural units (super-domains) inside of which there is a region, called activation domain (DDA). used for 
recognizing a specific amino acid. 

Each DDA catalyzes a series of enzymatic reactions which at the end lead to the inclusion of each amino acid in 
the peptide chain and which comprise: 

20 1 ' recognition of the amino add; 

2 - activation of the amino acid as aminoacyladenylate; 

3 - binding of the activated amino acid to the enzyme by the thioester bond between the carboxyllc group of the 
amino acid and the SH group of an enzymatic co-factor (5-phosphopantetheine) which is itself bound to the 
enzyme inside each DDA: and finally 

25 4 - formation of peptide bonds among the amino acids. 

The DDAs can be beside at the carboxylic end with regions associated with the methylation or racemization of the 
amino adds from configuration L to D. 

Finally, the peptide release and ending functions are also associated to the multienzymatic complex which, proba- 
nd tsly, are located in a conserved domain at the end of the last DDA. 

In peptide synthetases there are as many DDAs as the amino acids which form the peptide. For example, the com- 
plex of surfactin synthetase which catalyzes the polymerization of the lipopeptide having tiie following structure: 

35 L-Leu p-OH-Cj, L-Glu L-Leu 

I ' ^ 1 

D-Leu= L-Asp L-Val D-Leu 



40 consists of three polypeptides of which the first two include tiiree DDAs each, whereas the third has only one DDA. 
These domains are responsible for the recognition, activation, binding and polymerization of L-Glu. L-Leu. D-Leu. L-Val. 
L-Asp, D-Leu and L-Leu amino acids. 

To this enzymatic organization corresponds, on the genes of the synthetases, a similar organization in discreet and 
repeated units (modules) which encode the super-domains. 
45 This modular structure is conserved among the bacterial and fungal peptide synthetases, as shown by the 
sequence characterization data of the srfA operon (Cosmina et al. Mol. Microbiol.. 8: 821-831, 1991), as well as grsA 
and grsB operons (Kratzschmar ae al..J. Bacteriol.. 171: 5422-5429, 1989), tycA and tycB (Weckrmann et al., Nud. 
Acid. Res., 16: 11841-11843) and ACV from various fungal species (Smith etal. EMBO J., 9:741-747, 1990). 

Inside the activation domains, even of distant species, there are sequences with high homology, some of which are 
50 conserved and specific for all peptide synthetases. 

Therefore, a characteristic of the thiotemplate synthesis is that the sequence of tiie peptide product is determined, 
at the level of genes and therefore at the enzyme level, by the order and the sequence characteristics of the single acti- 
vation domain. 

Many of the peptides synthesized by the non-ribosomal method have proved antibiotic, antifungine, immunosup- 
55 pressive and surfactant properties. 

The preparation of molecules with improved properties with respect to the known ones (for example molecules hav- 
ing an immunosuppressive activity similar to that of Cydosporin A. but with less toxicity) or with new activities can have 
a considerable commercial importance. 

At the present tiie available techniques for the preparation of these molecules include: 
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1) selection of new producer microorganisms; 

2) preparation of mutant by mutagenesis of wild type stains with chemical agents; 

3) modification of amino acid sut>strates for the growth of the peptide-producing organisms in the attempt to include 
different amino adds in the peptides. 

5 4) chemical synthesis. 

These methods are usually very expensive in terms of time, present a high level of uncertainty as to the probability 
of obtaining new molecules, offer very few possibilities of directing the modification of the peptide towards suitably 
designed structures and. in case of chemical synthesis, the production on a large scale of complex molecules is partic- 
10 ularly onerous arxj difficult. 

At the state of the art. therefore, there is the need for a method which could allow the efficient production of modi- 
fied or new peptides without the above-said disadvantages. 

It has been now found that it is possible to satisfy these needs by the process of the present invention, which uses 
functional engineered peptide synthetases which are capable to display a correct activity. 
15 In particular, according to the present invention, it has been found that a necessary and sufficient condition, in order 
to produce and secrete a peptide with high quantities, is tiiat the last activation domain of a peptide synthetase properly 
designed, has its C-terminal end fused to the sequence present on tine C-terminal end of the last activation domain of 
a peptide synthetase. 

In other words, disposing of the genes which code for the a, b, c, d domains capable to recognize A. B, C, and D 
20 amino adds, it is possible to build an engineered peptide synthetase a-b-c-d which produces the A-B-C-D peptide which 
is secreted con-ectly. if the end of the D domain is fused to the sequence present at the C-terminat end of tiie last acti- 
vation domain of a peptide synthetase. 

According to this, the present invention regards a method for the non-ribosomal production of modified peptides, 
which comprises: 

25 

(a) isolating from chromosomal DNA of strains produdng peptide syntiietases the sequences which code prede- 
termined activation domains of amino adds and fusion of these sequences in a predetermined order estat)lished 
by the order of the amino adds in the desired peptide; 

(b) fusion of the 3-terminal nucleotide sequence downstream of the last activation domain of a peptide synthetase 
30 in the region at the end of tine sequence which encodes the conserved site Gly-Gly-(His-Asp)-Ser-(lle-leu) of tiie 

thioester bond of tiie last activation domain of the peptide synthetase engineered as reported in step (a); 

(c) introducing tiie gene construction obtained in (b) in a vector under tiie control of suitable taranscription and trans- 
lation signals; 

(d) transforming a microorganism witii the vector obtained in (c); 

35 (e) cultivating under suitable conditions the microorganism transformed as in (c); and finally 
(f) isolating the peptide from the culture medium. 

It is another object of the present invention a method for the preparation of engineered peptide synthetases and 
peptide synthetases thus obtained. 
40 Further objects of the present invention will appear from the reading of tiie description and from tiie exanple which 
follows. 

In order to provide a better definition of the present Invention a reference is made to the following figures: 

Figure 1 : shows the restriction map of the pVAL-TE plasmid; 
45 Figure 2 : shows the possible Campbell integration which can occur within the Srf A operon after transformation of 
strain JH642 witii pVAL-TE plasmid; 

Figure 3 : shows chromatograms of peptides purified from the culture supernatants of strains transformed with 
pVAL-TE. In particular, in A) the peptide deriving from the strain in which pVAL-TE is integrated in activation domain 
4 of Srf A is shown, while in B) the peptide purified from the culture medium of the recombinant strain having pVAL- 
50 TE integrated at the 3 terminal of the seventh activation domain of Srf A is shown. 

In step (a) of the method of the present invention the isolation and fusion of the activation domains, also from pep- 
tide synthetases of organisms phylogenetically separated, can be carried out by. for example, the techniques described 
In the Italian patent application M 19300 1534. 
55 In step (b) of the metiiod of the present invention, the fusion of the 3-terminal nudeotide sequence is carried out, 
preferably, in the region of at least 10 amino add residues downstream of said conserved site. 

In case tiiat the last activation domain of the synthetase engineered according to the method of the present inven- 
tion codes for an amino acid in configuration D or for a methylated amino add. the region downstream of the conserved 
site will contain tiie domain, or part of it. which codes the methylation or epimerization function. 
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Examples of vectors surtable for the purposes of the present invention can be selected from expression or integra- 
tion plasmids. The latter are plasmids which are not capable of being autonomously replicated in the host microorgan- 
ism, but which can be integrated in their chromosome by means of a Campbell reconrdslnation (Vosman, B. et al. (1986), 
Mol. Gen. Genet.. 204: 524-531). The recombination occurs among sequences of homologous DNA present on the 
5 plasmid and on the chromosome. To aid the screening procedure and isolate recombinants, the plasmid must contain 
a marker selectable in the host strain. Integration plasmids can be selected for example from pJM103 and pJM102 con- 
taining the CAT gene (chloramphenicol acetyltrarsferase) as marker which gives resistance to the chloramphenicol 
antibiotic. 

Examples of microorganisrr^ which can be used in the method of the present invention are selected from bact^'a, 
10 yeasts or fungi which produce a peptide synthetase. 

The transformation of said organisms and their selection are generally carried out with the conventional techniques 
(Maniatis. et al. - Molecular cloning - A Laboratory Manual - Cold Spring Hartoor Laboratory ed.. New York). 

The microorganisms thus isolated can be cultivated urxler suitable conditions and the produced peptides are con- 
venientiy recovered and purified by usual techniques. 
15 As an alternative, tiie peptide synthetases expressed by these microorganisms can be isolated, purified and used 
for the syntiiesis in vitro of the peptides of interest. The peptide synthetases can be used as such or immobilized on 
insoluble solid supports to allow their continual use. 

In order to provide an example, without however limiting the present invention, the construction of engineered pep- 
tide syrrthetases is reported, starting from the srf A operon which encodes surfactin synthetase. 
20 The 3-terminal region of srfAORF3 which follows the sequence encoding tfie conserved site Gly-Gly-(Hi-sp/Asp)- 
Ser-(lle/leu) of the thioester bond of the last amino acid binding domain of surfactin synthetase is homologous to tiie 3- 
terminal regions of the last activation domains of other peptide synthetases. This region, and in particular the 260 amino 
acids long fragment following the Sad site (hereby denominated TE region) was fused to the fourth activation domain 
of surfactin synthetase to test the possibility of using this region for the creation of hybrid peptide synthetases. 
25 The fusion construct was inserted in the chromosome of B.subtilis by use of the integrative plasmid (pVAL-TE) as 
described in example 1 . The map of this plasmid is depicted in figure 1 . 

The transformation of surfactin producing B.subtilis strain JH642 witii the integrative pVAL-TE plasmid. can result 
in the insertion of the plasmid in two possible regions of srfA depending on the point where Campbell recombination 
ensues (see figure 2): 

30 

the recombination in tiie fourth amino acid activating domain generates hybrid synthetase formed by 4 complete 
activation domains the last of which is fused to the TE region. 

the recombination at level of the SrfA TE region does not imply any modification of the wild type surfactin syn- 
thetase. 

35 

In order to denronstrate ttiat tiie presence of the TE region fused to the SrfA domain 4 is a fundamental condition 
to obtain a high production of the tetrapeptide, the JH642 strain was transformed with a plasmid whose integration in 
SrfA could occur after domain 4 without leading to the fusion of the TE region after domain 4 itself. 

In particular, plasmid pSM537 was used, which, after transformation in B.Subtilis JH642. produced a mutant strain 
40 (B.subtilis SMS347) in which tiie complete srf AORF3 and the part of srf AORF2 which includes a portion of the domain 
5 and the complete domain 6 of the surfactin synthetase operon were deleted. 

Results reported in example 1 show that: 

1 . the fusion of the last 260 amino acids of the subunit srfAORFS downstream the fourth activation domain of sur- 
45 factin synthetase results in the formation of an active peptide synthetase which synthesizes the lipotetrEipeptide 

having the sequence Fattyacid-Glu-Leu-DLeu-Val. This lipopeptide is secreted in quantities comparable to tiie 
native surfactin synthetase product. 

2. the absence of this fusion leads to the synthesis of a non-functional peptide synthetase. 

so In conclusion, the method of the present invention enables: 

the production in great quantities of new peptides with modified sequence as compared to the natural products of 
peptide synthetases; 

the possibility to synthesize peptide containing a variety of non natural and/or modified amino adds (present in 
55 peptides synthesized by means of non-ribosomal process) and which can be used for the synthesis of analogous 
of peptides. 

The following example has tiie purpose of further illustrating the present invention without limiting it. 
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Example 1 

The present example discloses the construction of a B.subtilis strain expressing a peptide synthetase formed by 
the first four domains of surfactin synthetase and wherein the fourth domain is fused to the 260 amino acid long C-ter- 
5 minal region of the third subunit of surfactin synthetase (srfAORF3). The isolation and the characterization by amino 
acid analysis of the peptides produced are also described. 

This strain was constructed by inserting in the chromosome the integrative pVAL-TE plasmid. whose map is illus- 
trated in figure 1. using a Campbell recombination event. 

10 A) Construction of pVAL plasmid 

p-VAL plasmid was obtained by cloning in E.coii the gene amplification product obtained using the following oligo- 
nucleotides (primers) 

15 1)5 -GCATATGTG AATTCGGATTCAGCGCTTCCTGGG-3 

2) 5-TTCCTTATGAGCTCCTCTTGAATTTTCGCCGTCA-3 

containing each the recognition sites of restriction enzymes EcoRI and Sad respectively in vector pJMIOS. (M.Perego 
and J.Hoch (1991), J.Bacteriol., 173: 2514-2520). The DNA fragment amplified with these primers from DNA chromo- 

20 somal of B.subtilis JH642 srf+ (surfactin producer) corresponds to the region of the fourth activating domain of operon 
srfA which encodes the portion of srfAORF2 included between residues 545 and 1011. The fragment, digested with 
EcoRt and Sad enzymes was cloned between sites EcoRI and Sad of pJM103 (which contains the genes which confer 
resistance to ampicillin and chloramphenicol) and Ampicillin resistant clones were selected. Plasmid DNA (pVAL) from 
one of the Ampicillin-selected clones was used to transform cells of B.subtilis made competent as described by Perego 

25 and Hoch (M.Perego and J.Hoch (1991), J. Bacteriol.. 173: 2514-2520). The transformants. in which the plasmid was 
integrated in the chromosome by single crossing-over Campbell type recombination, were selected on the sporulation 
Shaeffer medium (Spo) added with 5 ng/ml of chloramphenicol. 

pVAL-TE plasmid was obtained by cloning between sites Sad and BamHt of pVAL the gene amplification product 
obtained using the following oligonucleotides as primers: 

30 

3) 5 -AACAAAGAGCTCGGGATTGATCCTTCCA-3 and 

4) 5 -GTGTGGATCCATTTGAAACCGTTACGGTTTG-3 

and the DNA chromosomal JH642 as template, according to known procedures. 

35 The amplified region of 800 pairs of bases, comprised between the Sad and BamHI restriction sites, encodes the 
C-terminal portion of srfA0RF3 induded between amino acids 1016 and 1275. The gene amplification product was 
then digested with Sad and BamHI and cloned in pVAL digested with the same enzymes using standard procedures 

The resulting plasmid, pVAL-TE was used to transfomri competent cells of JH642 and the transformants were 
selected on Spo plates containing chloramphenicol (5 ^g/ml). 

40 The possible gene configurations of surfactin synthetase obtainable by transformation of B.subtilis with pVAL-TE 
plasmid are shown in figure 2. 

Out of the integration of pVAL-TE two classes of transformants can derive. In the first dass (A in figure 2). the 
recombinant event has occurred upstream the site Sad of the insert, so that the resulting surfactin synthetase will be 
consist of srf AORF1 and a hybrid protein constituted by the first activation domain of srf AORF2 fused to the last 260 

45 amino adds of srf AORF3. 

In the second class (B in figure 2), the recombination has occurred in the region downstream the Sad site and 
results in the formation of a wild type surfactin synthetase in which srf AORF1 . srfAORF2 and srf AORF3 are complete. 
Peptides produced by representative strains of these two classes were analyzed by HPLC, TLC and aminoacid analy- 
sis. 

50 

B) Construction of B. subtllis SMS347 

The B.sutrtilis SMS347 strain was obtained transforming B.subtilis JH642srf with plasmid pSM537 linearized with 
restriction enzyme Bdl. Said plasmid was obtained transforming E.coii with a ligase mixture containing plasmid DNA 
55 pJM103 linearized with Pstl. the fragment Bcll-Nsil corresponding to the sequence of gene srfAORF2 from residue 
13442 to residue 14324 and fragment Nisil-Bcll con^esponding to the sequence of gene srfAORF2 from residue 1 7453 
to residue 21074. The transformants were selected on plates of sporulation media containing chloramphenicol 5 mg/hril. 
Thirty-six colonies (CmR) were inoculated in LB culture medium and chromosomal DNA was extracted from the cul- 
tures. After the integration by double crossing-over, the chromosomal fragment from residue 1 4324 to residue 1 7453 of 
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SMS347 was substituted with the region of 3700 bp of pJMIOS containing the chloramphenicol resistance gene. 
C) Production of peptides 

5 The growth conditions i^ed to obtain the production of peptides are the same which were used for the synthesis of 

surfactin. 

The colonies were cultured for16 hours in rich culture medium (VY = veal Infusion Broth 25 g/l. Yeast Extract 5 g/l) 
at 37**C. then the culture was diluted 1 20 in minimum culture medium having the following composition: 



-NH4a 


4.00 g 


- KH2PO4 


4.00 g 


- Na2HP04 


5.64 g 


- glucose 


4% 


- phenylalanine 


50 mg/l 


- tryptophane 


50 mg/l 


- stock of salts 100x 


1 ml 



The salts stock is constituted by: 

25 



- MgS04 .7H2O 


20.00 g 


- CaCl2 


0.10 g 


- FeS04 . 7H2O 


2.00 g 


-EDTA 


0.15 g 


- MnCl2 - 6H2O 


30 mg 


-H2O 


1 liter 


pH<2 



40 After 5-7 hours of growth at 37^0 with stirring, the cells were pelletted by centrif ugation and the medium was acid- 
ified at pH 2 to precipitate the peptides. 

The precipitate was dried and re-suspended in methanol concentrating it 10 times the volume of the starting cul- 
ture. 

45 HPLC ANALYSIS 

For the HPLC analysis, 20 ml of such concentrate were injected in a C8 column (LiCrospher^ RP-Select B 5 mm 
125 X 4 mm) to which a gradient was applied ranging from 70 to 95% acetonrtrile in water (both solvents containing TFA 
0.05%) in 10 minutes, followed by 5 minutes at 9S%, at 1 ml/min flow rate. The elution was monitored at 220 nm of 
so absori>ance. The results are shown in Figure 3. 

While strain SMS347 does not produce appreciable quantities of peptide, the strain in which the activation domain 
of valine is fused to the carboxyl terminal region of srf A3 (JH642{pVAL-TE)A) secretes an appreciable quantity of mate- 
rial which absorbs at A220 

The strain in which pVAL-TE is integrated in order to produce srfAORFI. srfAORF2 and srfAORF3 wild type 
55 (JH643(pVAL-TE)B) produces normal quantities of lipopeptide which co-elutes with the standard of surfactin. 

5 ml of the material extracted from the culture medium of these two strains were analyzed by TLC on silica gel 
plates (Merck Sificagel*^ 60, 0.25 mm) using a mixture of acetoneA3utanol/H20 5:3:1 as the mobile phase. The peptides 
are detected by spraying the plate with water. 

For the amino acid analysis spots of hydrorepellent material, conesponding to akx>ut 500 ml of culture were col- 
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lected from the plate removing the layer of silica, and extracting the peptides with methanol. 

AftenAfards the peptides were hydrolyzed in vapour phase in standard hydrolysis tubes and pyrolized at 500''C. 
according to the procedures reported by Melzer N.M. et al. 1987. Anal. Biochem. 160:356-361. Amino acid analysis 
was carried out by using the phenyl-thyocartjamil-derivatization method (Cohen S.A. et aL1988 Anal.Biochem. 174:1- 
16). 

After the hydrolysis reaction the samples were dried to remove HCI completely, neutralized with a 2:1 of metha- 
nol/di-isopropilethylamine mixture (20 ml) and tiien derivatized with a mixture of methanol/di-isopropilethyl- 
amineAwater/^jhenylisothyocyanate 7:1:1:1 (20 ml). Ihe reaction mixture was let stand tor 10 minutes at room 
terrperature, dried and reconstituted just before injection into a HPLC column for the amino acid analysis. The results 
obtained are shown in table 1 . where the quantities of amino acids are referred to Giu=1 .00. 



Table 1 



15 





JH642(pVAL-TE)A 


JH642(pVAL-TE)B 


SURFACTIN 




FOUND 


EXPECED 


FOUND 


EXPECTED 


FOUND 


EXPECTED 


GLU 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


VAL 


1.01 


1.00 


1.13 


1.00 


1.01 


1.00 


LEU 


1.94 


2.00 


4.04 


4,00 


3.76 


4.00 


ASP 






0.81 


1.00 


1.00 


1.00 



25 These data show that: 

1 . The fusion of the last 260 amino acids of the srf AORF3 subunit at the end of the fourth activation domain of sur- 
factin synthetase results in the formation of an active peptide synthetase, which synthesizes the lipotetrapeptide 
with sequence Fattyacid-Glu-Leu-DLeu-Val which is secreted in quantities comparable to the product of natural sur- 

30 factin synthetase and 

2. the absence of this fusion results in the synthesis of a non-functional peptide synthetase. 
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>FOUEN:rE LISTIN G 
(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME: ENIRICERCHE S.p.A. 

(B) STREET: VIA MARITANO/ 26 

(C) CITY: SAN DONATO MILANESE, (MILANO) 

(E) COUNTRY: ITALY 

(F) POSTAL CODE: 20097 
TELEFAX: 02/52036 344 

(ii) TITLE INVENTION: 

20 

ENGINEERED PEPTIDE SYNTHETASES AND THEIR USE FOR THE 
NON-RIBOSOMAL PRODUCTION OF PEPTIDES 
(ill) NUMBER OF SEQUENCES: 4 

25 

(iv) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Diskette 
30 (iv) COMPUTER: IBM 486 PS/2 584 86SIC3 

OPERATING SYSTEM: IBM-DOS 5.2/WINDOWS 3.1 
SOFTWARE : ASC I I 

♦*♦♦ ♦♦♦» 

(1) INFORMATION FOR SEQ ID NO:l: 
^ SEQUENCE CHARACTERISTICS: 

(A) LENGHT: 33 base pairs 

(B) TYPE: Nucleic acid 

45 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

so (ii) MOLECULE TYPE: DNA (Genomic) 

(ix) FEATURE: 
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(A) NAME: Primer 
5 (xi) SEQUENCE DESCRIPTION: 

GCATATGTGA ATTCGGATTC AGCGCTTCCT GGG 

**** m**^ 

(1) INFORMATION FOR SEQ ID NO: 2: 
SEQUENCE CHARACTERISTICS: 

(A) LENGHT: 34 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

20 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA (Genomic) 
25 (ix) FEATURE: 

(A) NAME: Primer 

(xi) SEQUENCE DESCRIPTION: 

30 

TTCCTTATGA GCTCCTCTTG AATTTTCGCC GTCA 

**** 

^ (1) INFORMATION FOR SEQ ID NO: 3: 

SEQUENCE CHARACTERISTICS: 
^ (A) LENGHT: 27 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

45 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA (Genomic) 
50 (ix) FEATURE: 

(A) NAME: Primer 
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(xi) SEQUENCE DESCRI?T1CN: 
AACAAAGAGC TCGGGATTGA TCTTCCA 

(1) INFORMATION FOR SEQ ID NO: 4: 
SEQUENCE CHARACTERISTICS: 

(A) LENGHT: 3 1 base pairs 

(B) TYPE: Nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(ii) MOLECULE TYPE: DNA (Genomic) 

(ix) FEATURE: 

(A) NAME: Primer 

(xi) SEQUENCE DESCRIPTION: 

GTGTGGATCC ATTTGAAACC GTTACGGTTT G 



Claims 

40 1. Method for the non-hbosomal production of modified peptides, which comprises: 

(a) isolating from chromosomal DNA of strains producing peptide synthetases the sequences which encode 
predetermined amino acids activating domains and fusion of said sequences in a predetermined order estab- 
lished by the order of amino acids in the peptide to be olMained; 

45 (b) fusion of the region at the end of the sequence which encodes the conserved site Gly-Gly-(His/Asp)-Ser- 

(lle/leu) of the thioester bond of the last activation domain of the peptide synthetase engineered as in step (a) 
to the nucleotide 3-terminal sequence downstream the last activation domain of a peptide synthetase; 
(c) introducing the gene construction obtained in (b) in a vector under the control of the suitable transcription 
and translation signals; 

so (d) transforming a host microorganism with the vector obtained in (c); 

(e) cultivating in the suitable conditions the transformed microorganism obtained as In (c): and finally 

(f) isolating the peptide from the culture medium. 

2. The method according to daim 1. wherein the modified peptide has antibiotic, antifungine. immunosuppressive or 
55 surfactant properties. 

3. The method according to claim 1 . wherein in step b) the fusion is carried out in the region of at least 1 0 amino acids 
at tiie end of the conserved site. 
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4. The method according to claim 3, wherein the last activation domain encodes an amino acid in D configuration or 
a methylated amino acid and the region at the end of the conserved site contains a domain, or its portion, which 
encodes the methylation or epimerization function of the amino acid. 

5 5. The method according to claim 1 , wherein the vector is selected from expression or Integration plasmids. 

6. The method according to daim 1 , wherein the host microorganism is selected from the group consisting of bacteria, 
fungi or yeasts. 

10 7- Engineered peptide synthetase suitable to produce and secrete a peptide obtained by a method which comprises: 

(a) Isolating from chromosomal DNA of peptide synthetases producer strains the sequences which encode 
predetermined amino adds activation domains and fusion of said sequences in a predetermined order estab- 
lished by the order of amino acids In the peptide to be obtained; 
15 (b) fusion of the region downstream the sequence which encodes the conserved site GIy-Gly-(His/Asp)-Ser- 

(lle/leu) of the thioester bond of tiie last activation domain of the engineered peptide synthetase obtained as in 
step (a) to the nucleotide 3-terminal sequence at the end of the last activation domain of a peptide synthetase; 
(c) inserting the gene construction in a vector under the control of the suitable transcription and translation sig- 
nals; 

so (d) transforming a host microorganism with the vedor obtained in (c); 

(e) cultivating in the suitable conditions the microorganism transformed as in step (d) in order to obtain tiie 

expression of the engineered peptide synthetase; and finally 

(0 isolating and purifying the peptide synthetase from said microorganism. 

25 8. Use of the engineered peptide synthetase obtained according to the method of claim 7. for the synthesis in vitro of 
modified peptides biologically active. 

9. Use of the peptide synthetase according to daim 8. wherein said synthetase is immobilized on a solid insoluble 
support. 

30 

10. Peptide syntiietase constituted by the first four activation domains of surfactin synthetase, where the fourth activa- 
tion domain is fused to the region of 260 residues C-terminal of the third subunit of surfactin synthetase 
(srfAORFS). 

35 
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